Abstract: In this paper, we present a design and analysis of one dimensional defective photonic crystal (1D-DPC
Introduction
The one dimensional photonic crystal (1D-PC) structures have a number of useful properties, which are employed as low-loss optical waveguides, dielectric reflecting mirrors, optical switches, optical limiters, and optical filters etc [1] - [5] . The advantages of these structures are structurally simple and easy to be manufactured. The selective filters can be simply realized by introducing a defect layer into the (1D-PC) structure to break the periodicity. The defect modes will be located within the (1D-PC) structures, which are much more similar to the defect states generated in the forbidden band in a doped semiconductor. Recently, the defect modes inside the photonic band have been widely studied due to their properties [6] - [10] . The perfect layer can be realized, by changing physical parameters, such as changing the thickness of one of the layer, adding another medium to the structure, or removing a layer from (1D-PC) structures. The localized defect modes, which are also called resonant transmission peaks, can be generated within the PBG due to the change of the interference behavior of light. The defect models properties can be used to make high quality extremely narrowband frequency selective filters [7] , [11] . Selective photonic crystal filters have received much research interest in the fields of demultiplexers for WDM systems [12] .
Various techniques has been used to study this structure, such as with transfer matrix method, finite elements, plane wave expansion method, etc. Each method has its own limitations for finding some important properties of one dimensional defective photonic crystal (1D-DPC). The transfer matrix method is most popular because of its simplicity in algorithm and capability to model complex structures [13] - [14] . It is recently introduced by Pendry and MacKinnon, to calculate the electromagnetic transmission through the PBG materials.
In this paper, the transmission spectrum was obtained by applying the transfer matrix formalism to one dimensional defective photonic crystal (1D-DPC). The effects of the polarization and the angle of incidence on the defect modes in the transmission spectra are investigated. Several simulation cases by Matlab will be given Dubai (UAE) Dec. [21] [22] 2017 to show the performance of this approach. The accuracy of the analysis is tested by comparing the computed results with measurements published data.
Theory
The ( Each layer has to be d l thicknesses, and refractive index n l . In order to start the computation of the (1D-PC) structure characteristics, it is necessary to define the refractive index profile of considered structure, can be given as 
The matrix M l-1 of the l th layer can be written in the form:
and being the matrix parameters and depending on the incident angle of light, the optical constants and the layer thickness, are expressed as:
We note that is related to the angle of incidence by the Snell's Descart's low, that is (7) By considering the transmission matrix of each layer, we are able to obtain the transmission matrix of whole structure. For l number of multilayers; the corresponding transfer matrix can be defined as a product of matrices, is obtained for symmetric PBG structure.
And for asymmetric PBG structure.
Where M A is the transfer matrix of the first dielectric layer. M B is the transfer matrix of the second dielectric layer. M D is the transfer matrix of the dielectric layer defect. These formulas can be modified by using N number of defect, are obtained for symmetric PC.
And for asymmetric PC,
Where m 11 , m 12 , m 21 and m 22 are the complex numbers.
The transmittance t and reflectance r are defined as the ratios of the fluxes of the transmitted and reflected waves, respectively, to the flux of the incident wave. After some derivations, the total transmission and reflection coefficients are given by
The reflectance R and transmittance T spectrums of can be obtained by using the expressions:
Numerical Calculation and Discussion
The simulation results have been shown to validate the effectiveness of the expression proposed in this paper. We consider incidence of the electromagnetic wave on the (1D-PC) structure. The geometry of multilayer structure is shown in Figure 1 . This structure is a combination of two dielectric materials A (n GaAs = 3.3842, d GaAs = 0.0332 µm) and B (n SiO2 = 1.4672, d SiO2 =0.0732 µm). In order to check the effects of the defect layer, we introduce a defect layer TiO 2 (n TiO2 = 2.6245, d TiO2 =0.1433µm) inside of structure. Figures 2-3 show the comparison of illustrate the transmittance spectra values of the proposed symmetric and asymmetric (1D-DPC) structures. It can be seen that a very narrow pass band or single defect mode within the photonic band gap (PBG). It is noted that the bandwidth of asymmetric (1D-DPC) structure with the configuration (Air/(AB) 4 / Air), the bandwidth was calculated as Δ Bwp =267.04 nm, the resonant peak locates at the design wavelength of λ = 396.3nm. Also, it can clearly be seen in figures 3a-3b that it has considerably reduced amplitude of the defect peak in the case of asymmetric structure as compared to the high-amplitude of the defect peak in the case of symmetric structure. These behaviors agree very well with those reported by work [13] -[15]. The effects of the polarization and the angle of incidence on the defect modes in the transmission spectra for TE or TM modes are illustrated in Table I . We have clearly observed that the transmittance spectrum of the defect mode is linked to the angle of incidence in TE and TM modes. Also, the position of narrow pass band is changed, and width of the band increases obviously for TE mode, and decrease for TM mode. On the other hand a pick of transmission change in the direction of small values when the angle incidences increase for TM mode. In Figures 5 , we have examined the effect the effects of the tree defect layers, by introducing tree defect layer TiO 2 in the (1D-DPC) structures symmetric and asymmetric. It was found that it existed a tree defect mode within the photonic band gap (PBG) in the (1D-DPC) structure symmetric with the configuration (Air/(AB) 4 DBDBD(BA) 4 /Air. Our results imply that the number of defect mode can be increased by adding the layer TiO 2 in structure [8] . 
Conclusion
In this paper, we have used the transfer matrix method to study one-dimensional photonic crystal defectives. We have discussed the properties of the defect modes for the asymmetric and symmetric structures for both TE and TM modes at different incidence angles. The results have shown the calculated the transmission with defects separated by different layers. When the order of the defect layer increased such as m = 1, 2, 3 etc, additional modes occurs in photonic band gap. We can conclude that when the existence of defect layer, there is a very narrow pass band whose pick of transmission is observed. The maximum of transmission was obviously observed at these wavelengths for TE mode.
